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(57) ABSTRACT

A system for controlling a medical device includes a shaft
rotatable about a longitudinal axis and a plurality of arms
extending radially outwards from the shaft. Each arm
includes an inward end positioned near the shaft and an
outward end. The system also includes a collapsible pulley
formed from a plurality of pulley pieces. At least one of the
pulley pieces is slidably mounted on at least one of the
plurality of arms and has a surface configured to receive at
least one control element. The system further includes at
least one biasing member located between the shaft and the
at least one slidably-mounted pulley piece.

15 Claims, 5 Drawing Sheets
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1
CONTROL SYSTEM FOR MEDICAL
DEVICES AND RELATED METHODS OF
USE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority from U.S.
Provisional Application No. 61/772,615, filed on Mar. 5,
2013, the entirety of which is incorporated by reference
herein.

FIELD

This disclosure relates generally to systems and methods
for controlling devices. More particularly, an embodiment of
the present disclosure relates to a system for steering medi-
cal devices, such as, e.g., an endoscope having a deflectable
distal end.

BACKGROUND

In general, a medical device may include an elongate
portion configured to be inserted into a body cavity, and the
elongate portion may be coupled with a control portion. The
medical device may also include a steering mechanism,
which may be adapted to steer a distal tip of the medical
device. The steering mechanism may include steering wires
disposed lengthwise through lumens in the elongate portion.
The steering wires may attach a distal end of the elongate
portion to the control portion. In certain instances, a proxi-
mal end of a selected steering wire may be tensioned, which
may cause deflection of the distal tip of the medical device
in a select direction, such as, for example, left-right or
up-down.

In some conventional medical devices, two steering wires
may be tensioned using a pulley located in the control
portion of the medical device. The pulley may include a
pulley wheel mounted on a shaft, and the two steering wires
may be connected to the circumference of the pulley wheel.
Rotation of the shaft may pull one wire in a proximal
direction while releasing the other wire, resulting in deflec-
tion of the distal tip of the medical device. In certain
embodiments, the force required for rotating the pulley may
increase as the wire is pulled farther. Such increased force
may interfere with smooth and unencumbered steering of the
medical device.

Therefore, a need exists for an improved control system
for steering the medical device.

SUMMARY

According to an embodiment, a system for controlling a
medical device includes a shaft rotatable about a longitudi-
nal axis and a plurality of arms extending radially outwards
from the shaft. Each arm includes an inward end positioned
near the shaft and an outward end. The system also includes
a collapsible pulley formed from a plurality of pulley pieces.
At least one of the pulley pieces is slidably mounted on at
least one of the plurality of arms and has a surface config-
ured to receive at least one control element. The system
further includes at least one biasing member located
between the shaft and the at least one slidably-mounted
pulley piece.

According to another embodiment, a medical device
includes a control system including a shaft rotatable about a
longitudinal axis and a plurality of arms extending radially
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outwards from the shaft. The plurality of arms includes an
inward end positioned near the shaft and an outward end.
The control system also includes a collapsible pulley formed
from a plurality of pulley pieces mounted on the respective
arms, and at least one of the pulley pieces is slidably
mounted on at least one of the arms. The control system
further includes at least one biasing member located
between the shaft and the at least one slidably-mounted
pulley piece and at least one control element coupled to one
of'the pulley pieces. The medical device also includes an end
effector coupled to a distal end of the medical device and
connected to a distal end of the at least one control element.

According to yet another embodiment, a method for
steering a distal end of a medical device includes rotating a
shaft of a control system about a longitudinal axis to rotate
a collapsible pulley formed from a plurality of pulley pieces
mounted on a plurality of arms. The method also includes
sliding at least one of the pulley pieces along at least one of
the arms, and each arm includes an inward end positioned
near the shaft and an outward end positioned away from the
shaft. The method further includes compressing at least one
biasing member located between the inward end and the
outward end, and tensioning at least one control element
releasably coupled to at least one of the plurality of pulley
pieces.

Additional objects and advantages of the claimed disclo-
sure will be set forth in part in the description which follows,
and in part will be obvious from the description, or may be
learned by practice of the disclosure. The objects and
advantages of the disclosure will be realized and attained by
means of the elements and combinations particularly pointed
out in the appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
disclosure, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments of the present disclosure and together with the
description, serve to explain the principles of the disclosure.

FIG. 1 is a partial isometric view of an exemplary control
system according to an embodiment.

FIG. 2 is a detailed view of a pulley piece according to an
embodiment.

FIG. 3 is a detailed view of the pulley piece of FIG. 2
connected to control elements according to an embodiment.

FIG. 4 is a partial isometric view of the pulley piece of
FIG. 2 and an arm according to an embodiment.

FIG. 5 depicts the attachment of the pulley piece of FIG.
2 to the arm of FIG. 4 according to an embodiment.

FIG. 6 is a partial isometric view of a cap member and an
arm according to an embodiment.

FIG. 7 is a partial isometric view of a pulley piece, control
elements, an arm, and a cap member connected together
according to an embodiment.

FIG. 8 illustrates the system of FIG. 1 during use accord-
ing to an embodiment.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to embodiments of
the present disclosure, an example of which is illustrated in
the accompanying drawings. Wherever possible, the same
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reference numbers will be used throughout the drawings to
refer to the same or like parts.

Embodiments of the present disclosure may relate to
systems and methods for steering a medical device, such as
an endoscope. As is generally known in the art, an endo-
scope may include an elongate member having a distal end,
a proximal end, and a lumen extending between the distal
and proximal ends. The proximal end of the endoscope may
include a hub having multiple ports, through which a user
may insert an instrument (not shown), such as scissors,
forceps, or the like. Further, the instrument may include one
or more lumens, which may allow one or more control
elements (e.g., steering wires, cables, ribbons, or other
elongate structures) to pass therethrough.

A control system or mechanism may be configured to
control the movement of the one or more control elements
in one or more directions to deflect a distal end of the
medical device, such as an end effector, in any suitable
direction such as left-right, up-down, or the like. For
example, a distal portion of the control element may attach
to the end effector, and a proximal portion of the control
element may be attached to a handle having a knob, lever,
button, or other movable element. When a user activates the
handle, such as by turning the knob, the control element may
be pulled in a proximal direction, which may result in
displacement of the distal end of the medical device back
and forth or in other directions, such as up and down. This
turning of the knob may steer or operate the end effector.

A control system may be configured to pull the control
element using at least one collapsible pulley having a
variable effective diameter. The system may also include a
knob at the handle that may rotate the collapsible pulley and
thereby pull the control element to deflect the distal end.
There may be a direct relation between the force applied on
the knob and a torque produced in the pulley to steer the
distal end. An increasing resistance to movement may cause
the pulley to collapse, and the effective pulley diameter may
decrease. The decrease in effective pulley diameter may
provide an increase in gear ratio between the knob and the
pulley. The gear ratio may be indicated by a ratio of the
diameter of the knob (or other device that is rotated to cause
the rotation of the pulley) to the effective diameter of the
pulley. The increased gear ratio thus may provide a mechani-
cal advantage to control the steering of the medical device.

As described herein, the control system may steer an
endoscope; however, it will be understood that the control
system may also be employed to steer other medical devices
such as instruments containing end-effectors, including scis-
sors, forceps, lithotripters, snares, or the like.

Various structural and functional features of the control
system will be described below. It will be understood that
the control system may be located in the handle of a medical
device, placed external to the patient’s body. Those skilled
in the art will appreciate that the control system may be
located in other portions of the medical device without
departing from the scope of the present disclosure.

According to an embodiment, a control system 100 is
shown in a partial isometric view in FIG. 1. The system 100
may be configured to control a medical device (not shown),
such as an endoscope, having a deflectable distal region. The
system 100 may be located in a proximal portion, such as a
handle, of the endoscope.

The terms “proximal” and “distal” are used herein to refer
to the relative positions of the components of the exemplary
system 100. When used herein, “proximal” refers to a
position relatively closer to the surgeon using the system
100. In contrast, “distal” refers to a position relatively
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further away from the surgeon using the system 100 or
closer to a surgical site located within the patient’s body.

The system 100 may include a shaft 102 and an attach-
ment member 104 operably coupled to the shaft 102. The
attachment between the shaft 102 and the attachment mem-
ber 104 may be either temporary or permanent. The attach-
ment may be achieved by any suitable means known in the
art, including, e.g., by snap-fit or by threaded engagement
between the attachment member 104 and the shaft 102.
Other methods such as, e.g., soldering, brazing, or the like
may also be used.

The shaft 102 may include an elongate structure. The
shaft 102 may be cylindrical (e.g., with a circular cross-
section). Alternatively, other suitable cross-sections such as,
but not limited to, rectangular, triangular, oval, irregular, or
the like may also be contemplated. The cross-sectional
configuration of the shaft 102 may be uniform or may vary
along its length. The shaft 102 may be tubular or solid. The
shaft 102 and/or the attachment member 104 may be made
of any of a variety of materials suitable to transmit an
applied force from the shaft 102 to the attachment member
104. For example, such materials may be rigid or a semi-
rigid. Examples may include metals, polymers, alloys, or the
like. For instance, the material may include stainless steel,
nitinol, or the like.

The shaft 102 may include a knob (not shown) that may
be gripped by the user to rotate the shaft 102. Alternatively,
another device may be provided to rotate the shaft 102, e.g.,
a lever or the like, which may be rotated by the user or a
drive mechanism (e.g., a motor). The shaft 102 may be
configured to rotate about a longitudinal axis A-A'. The
rotation of the shaft 102 may cause the rotation of the
attachment member 104 in the same direction as the shaft
102. For example, turning the shaft 102 in a clockwise
direction may cause rotation of the attachment member 104
in a clockwise direction, and turning the shaft 102 in a
counter-clockwise direction may cause rotation of the
attachment member 104 in a counter-clockwise direction.

One or more arms 106a, 1065, and 106¢ (collectively,
arms 106) may be attached to the attachment member 104
and may extend radially outwards therefrom. Each arm 106
may include an inward end 105a, 1055, and 105¢ (collec-
tively, inward ends 105) and an outward end 107a, 1075, and
107¢ (collectively, outward ends 107). In the embodiment
shown in FIG. 1, the radially-extending arms 106 may be
located in a plane that is perpendicular to a plane extending
along the longitudinal axis A-A'. This is merely an example
and should not be understood as limiting other orientations
of the arms 106.

In the embodiment shown in FIG. 1, the arms 106 may be
tubular and may have a circular cross-section. Other cross-
sections such as rectangular, triangular, oval, irregular, or the
like may also be contemplated. The arms 106 may be
securely attached to the attachment member 104 either
permanently or temporarily. Exemplary means of attach-
ment may include threading, gluing, snap fitting, soldering
or brazing. Those skilled in the art will appreciate that other
suitable attachment means may also be contemplated. Alter-
natively, the arms 106 may be formed integrally with the
attachment member 104.

The location of the arms 106 as described above and
shown in the figures is only for the purpose of illustration.
Other locations may be used. Further details of arms 106
will be provided with reference to FIGS. 4-7 below.

The system 100 may further include arm slots 108a, 1085,
and 108c¢ (collectively, arm slots 108) on an outer surface of
the respective arms 106. The arm slots 108 may be config-
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ured to extend at least partially between the inward ends 105
and the outward ends 107 of the respective arms 106.
Alternatively, the respective arm slots 108 may be config-
ured to run along the entire length of the arms 106.

The system 100 may also include one or more pulley
pieces 112a, 1125, 112¢ (collectively, pulley pieces 112)
slidably mounted on the respective arms 106. Each pulley
piece 112 may include a projection 122 (FIGS. 2-5) config-
ured to engage the respective arm slots 108. In the embodi-
ment shown in FIG. 1, three pulley pieces 112 and three
arms 106 are provided, but it is understood that any number
of pulley pieces 112 and arms 106 greater than or less than
three may be provided.

The pulley pieces 112 may be configured to engage a first
control element 116a and a second control element 1164
(collectively, control elements 116). The control elements
116 may each include a distal end 117a and 1175 that is
attached near a distal end of a medical device, such as an
endoscope (not shown). The control elements 116 may
include one or more wires (e.g., a braided wire, multiple
wires, etc.), cables, ribbons, or other similar elongate struc-
ture. Those skilled in the art will appreciate that any suitable
control elements may also be contemplated. In an embodi-
ment, the first and second control elements 116a and 1165
(e.g., the proximal ends thereof) may be connected sepa-
rately to the same pulley piece (e.g., pulley piece 112a) as
shown in FIG. 1, or to different pulley pieces. Alternatively,
the first and second control elements 116a and 1165 may be
connected together (e.g., at the proximal ends of the control
elements) or integrally formed as a single control element
(e.g., a single wire), which may be connected to the same
pulley piece (e.g., pulley piece 112a).

As noted above, the pulley pieces 112 may slide inwardly
and outwardly on the arms 106 via engagement of the
projections 122 in the respective arm slots 108. The outward
movement of the pulley pieces 112 may be limited using a
cap member 114a, 1145, and 114c¢ (collectively, cap mem-
bers 114) attached to the respective arms 1064, 1065, 106¢.
Each cap member 114 may be configured and dimensioned
to prevent the pulley pieces 112 from sliding off the outward
ends 107 of the arms 106. The arms 106, the pulley pieces
112, and/or the cap members 114 may be made of any of a
variety of materials, such as metals, polymers, alloys, or the
like. For instance, the material may include molded plastic.

The system 100 may also include resilient or biasing
members, such as springs 110a, 1105, and 110¢ (collectively,
springs 110), located between the respective pulley pieces
112 and the attachment member 104. The springs 110 may
be formed of steel (e.g., steel wire) or other material known
in the art for forming springs. Details of the springs 110,
pulley pieces 112, cap members 114, and control elements
116 will be described below with reference to FIGS. 2-7.

FIG. 2 is a detailed view showing features of the pulley
piece 112, in accordance with an embodiment of the present
disclosure. As shown, the pulley piece 112 may include a
pulley bracket 118 having an opening configured and dimen-
sioned to slidably receive and engage the arm 106. In the
embodiment shown in FIG. 2, the pulley bracket 118 may
include an axial bore 120 defining the opening. The axial
bore 120 may be dimensioned to be mounted over the arm
106, as shown in FIG. 5.

The projection 122 that is slidably engaged with and
securely received in the arm slot 108 may be disposed
radially inwardly from the axial bore 120. As shown, the
projection 122 may have a rectangular-shaped configuration,
however, other configurations such as, square, polygonal,
irregular, or the like may also be contemplated. Once
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engaged within the longitudinal arm slot 108, the projection
122 may allow the pulley piece 112 to move longitudinally
(lengthwise) inwardly and outwardly in relation to the arm
106, while preventing rotation of the pulley piece 112 about
the arm 106.

The pulley piece 112 may also include a pulley head 124,
which may have a semi-circular profile and which may
connect to the pulley bracket 118. The pulley head 124 may
include an outer surface configured to engage one or more
of the control elements 116a and/or 1165. As shown in FIG.
3, the pulley head 124 may engage both of the control
elements 116a and 1165.

In the example shown, the pulley head 124 may include
a control element engaging surface, such as a groove 128
defined by flanges 1274 and 1275 (collectively, flanges 127)
on the peripheral surface of the pulley head 124. The groove
128 in the pulley head 124 may further include a crimp slot
126. In particular, the groove 128 may guide and/or receive
the control elements 116a and 1165 that are at least partially
wound around the pulley piece 112.

Referring now to FIG. 3, the proximal ends of the control
elements 116a and 11656 may be connected to the pulley
piece 112 (e.g., pulley piece 112a of FIG. 1). As shown, a
crimp tube 130 may be employed to stabilize the proximal
ends of the control elements 116, while being attached to the
pulley piece 112. The crimp tube 130 may include a circular
cross-section. Other suitable cross-sections such as, but not
limited to, rectangular, triangular, irregular, oval, or the like
may also be contemplated. The crimp tube 130 may be made
up of any suitable material such as, but not limited to,
metals, polymers, alloys, or the like. Exemplary materials
may include, but not limited to, stainless steel or nitinol.

The proximal ends of the control elements 116 may be
secured inside the crimp tube 130 such that squeezing the
crimp tube 130 may hold the proximal ends of the respective
elements 116 inside the crimp tube 130. Further, when
holding the two control elements 116, the crimp tube 130
may slide into the crimp slot 126 of the pulley piece 112. In
some embodiments, the crimp tube 130 may be frictionally
fitted within and/or snapped into the crimp slot 126. Alter-
natively, the crimp tube 130 may be glued or threaded into
the crimp slot 126. As those skilled in the art may appreciate,
various methods may be used to releasably or permanently
secure the crimp tube 130 within the crimp slot 126.

In the embodiment shown in FIG. 1, after securing the
control elements 116a and 1165 to the same pulley piece
112a, the control elements 116 may be wrapped around the
other pulley pieces 112. For example, the control element
1164 may be wrapped around pulley piece 112¢ (e.g., within
the groove 128 of the pulley piece 112¢), and the control
element 116c¢ may be wrapped around pulley piece 1125
(e.g., within the groove 128 of the pulley piece 1126). In
another embodiment, one or more of the control elements
116 may be additionally wrapped around the grooves 128 of
all of the pulley pieces 112 prior to operation of the system
100. For example, one or both of the control elements 116a
and 1165 may wrap around all three pulley pieces 112a,
1125, and 112c¢.

Further, instead of crimping, the control elements 116
may be attached using other methods to the respective pulley
piece(s) 112. For example, in an embodiment, the proximal
ends of the control elements 116 may be attached via a
pivotal connection (e.g., a pivot pin) to the pulley piece
1124. The pivotal connection may assist in reducing kinking
in certain instances.

Each pulley piece 112 may be oriented relative to the
corresponding arm 106 such that the projection 122 on the
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pulley bracket 118 may be received within the longitudinal
arm slot 108 on the arm 106, as shown in FIGS. 4 and 5.
Furthermore, as depicted in FIG. 5, the outward end 107 of
the arm 106 may include a bore 134 configured to receive at
least a portion of the respective cap member 114.

FIG. 6 depicts the cap member 114 configured to engage
with the arm 106. As described above, the cap member 114
may securely retain the pulley piece 112 within the arm slot
108. In particular, the cap member 114 may be dimensioned
to retain the pulley piece 112 within the arm slot 108. In the
embodiment shown, the cap member 114 may include a
proximal circular portion 140 attached to a shaft portion 142.
The shaft portion 142 may include external male threads 144
on its outer surface, and the male threads 144 may be
configured to engage with internal female threads 138 inside
the arm 106 to secure the arm 106 and the cap member 114
together. Other suitable methods for securing the cap mem-
ber 114 to the outward end 107 of the arm 106 may include
a snap-fit, a leur-lock, gluing, or the like.

In addition, the cap member 114 may be configured to
keep the pulley piece 112 engaged within the arm 106, as
shown in FIG. 7. As shown, once the pulley piece 112 is
engaged on the arm 106, the circular portion 140 of the cap
member 114 has an outer diameter that is large enough to
limit outward movement of the projection 122 in the lon-
gitudinal arm slot 108. Thus, the cap member 114 may help
to keep the pulley piece 112 slidably attached to the arm 106.

Also, as described above, each spring 110 may be located
between the corresponding pulley piece 112 and the attach-
ment member 104, and may be configured to urge the pulley
piece 112 in an outward direction along the arm 106. As
shown, the spring 110 may be wrapped around an outer
surface of at least a portion of length of the corresponding
arm 106. In an embodiment, the spring 110 may be attached
at one end to the corresponding pulley piece 112 and
attached at the other end to the attachment member 104.

The control system 100 may be operated by turning the
shaft 102 in a direction (clockwise in the direction D or
counterclockwise) to pull one of the control elements 1164
or 1165. As the shaft 102 is turned, one of the control
elements 116 may be pulled while the other control element
116 is released and the control elements 116 may wrap
around the grooves 128 of the pulley pieces 112. In an
embodiment, the shaft 102 (and therefore also the attach-
ment member 104 and the pulley formed by the pulley
pieces 112) may rotate less than 180 degrees to achieve the
desired deflection. Alternatively, the components may rotate
greater than or equal to 180 degrees to achieve the desired
deflection. As the shaft 102 is turned, the forces acting on the
pulley pieces 112 by the control elements 116 may increase
so that the control elements 116 may cause one or more of
the pulley pieces 112 to slide inward against the outward
urging force of the springs 110.

For example, in the illustrated embodiment, the shaft 102
may be rotated in a clockwise direction D so that the
attachment member 104 may rotate in direction D. This may
also rotate the pulley pieces 112 attached thereon, pulling the
second control element 1165, while releasing the first con-
trol element 116a. As the pulley pieces 112 are rotated, the
pulled second control element 1165 may elongate and also
experience an increase in normal strain and normal stress,
and consequently the force opposing the rotation of the
pulley pieces 112 may be increased. Under the normal
conditions, the normal strain on the second control element
1165 may be predominantly axial, thus the cross-sectional
area of the second control element 1165 may be constant. As
a result, the increase in normal strain in the second control
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element 1165 may result in an increase in the force opposing
the pulley pieces 112 and the springs 110. This opposing
force on the pulley pieces 112 may compress the springs
110, moving the springs 110 towards the shaft 102. As
shown, the two control elements 116a and 1165 may be
wound against the three pulley pieces 112. The pulley pieces
112 may move toward the shaft 102 and, where the pulley
pieces 112 all move inwardly to generally the same extent,
they may substantially define a circle. An “effective pulley
diameter” may be defined by the average radius between the
central axis A-A' and the grooves 128 of the pulley pieces
112. As the springs 110 are compressed, the effective pulley
diameter may decrease.

The gear ratio may increase as the effective pulley diam-
eter decreases. For example, in the illustrated embodiment,
the increased gear ratio may result from an increase in the
ratio of the diameter of the knob (or other device that is
rotated to cause the rotation of the shaft 102) and the
effective pulley diameter. This may provide a mechanical
advantage to the system 100 by providing increased torque
on the pulley pieces 112 for relatively lower force on the
shaft 102. In particular, the pulley pieces 112 may form a
variable-diameter, collapsible pulley that allows for a reduc-
tion in torque for producing a desired deflection based on a
certain rotation of the knob (or other device that is rotated to
cause the rotation of the shaft 102) compared to a fixed-
diameter pulley.

Thus, the system 100 described above may provide a
mechanical advantage for steering endoscopes that may not
be provided by conventional endoscopes that employ a
pulley stack for deflection of the distal end. Such conven-
tional designs may require a larger amount of force to rotate
the pulley stack, and the amount of force required to rotate
the pulley stack may increase as the degrees of rotation
increases.

Other embodiments of the present disclosure will be
apparent to those skilled in the art from consideration of the
specification and practice of the embodiments disclosed
herein. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of
the disclosure being indicated by the following claims.

What is claimed is:

1. A system for controlling a steerable medical device, the
system comprising: a shaft rotatable about a longitudinal
axis; a plurality of arms extending radially outwards from
the shaft, each arm including an inward end positioned near
the shaft and an outward end; a collapsible pulley formed
from a plurality of pulley pieces, wherein at least one of the
pulley pieces is slidably mounted on at least one of the
plurality of arms and has a surface configured to receive at
least one control element; and at least one biasing member
located between the shaft and the at least one slidably-
mounted pulley piece, wherein a distal end of the at least one
control element is connected to a distal end of the steerable
medical device.

2. The system of claim 1, wherein each of the plurality of
pulley pieces is slidably mounted on the respective arms and
the plurality of arms extend generally perpendicular to the
longitudinal axis.

3. The system of claim 2, wherein:

the plurality of arms includes at least three arms; and

the plurality of pulley pieces includes at least three pulley

pieces.

4. The system of claim 2, wherein the at least one biasing
member includes a plurality of biasing members located
between the shaft and the respective pulley pieces.



US 9,462,931 B2

9

5. The system of claim 1, wherein the at least one control
element includes a first control element and a second control
element, each control element including a proximal end
attached to the same pulley piece.

6. The system of claim 1, wherein:

the at least one arm on which the at least one pulley piece

is slidably mounted includes an arm slot extending at
least partially along an outer surface of the at least one
arm; and

the at least one slidably-mounted pulley piece includes a

projection slidably received within the arm slot.

7. The system of claim 1, wherein the at least one
slidably-mounted pulley piece includes a pulley bracket, the
pulley bracket including a bore configured to slidably
receive the at least one arm on which the at least one pulley
piece is slidably mounted.

8. The system of claim 7, wherein the at least one
slidably-mounted pulley piece includes a pulley head con-
nected to the pulley bracket, the pulley head including a
groove in which the at least one control element is received.

9. The system of claim 8, wherein the at least one control
element is attached to the groove.

10. The system of claim 9, wherein the at least one control
element is attached to the groove by a crimp.

11. The system of claim 1, wherein the at least one biasing
member includes a spring coupled at one end to the at least
one slidably-mounted pulley piece and at the other end to an
attachment member connected to the plurality of arms.

10
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12. The system of claim 1, wherein the at least one control
element is releasably coupled to the at least one slidably-
mounted pulley piece.

13. The system of claim 1, further including at least one
cap member attached to the at least one arm on which the
pulley piece is slidably mounted, the at least one cap
member being configured to limit the outward movement of
the at least one slidably-mounted pulley piece along the at
least one arm.

14. The system of claim 1 wherein the at least one control
element includes a first control element and a second control
element, each control element including a proximal end
attached to the same pulley piece and a distal end attached
to the distal end of the medical device.

15. The system of claim 14, wherein:

each of the plurality of pulley pieces is slidably mounted

on a respective one of the plurality of arms;

the plurality of pulley pieces include a first pulley piece

attached to the proximal ends of the first and second
control elements, a second pulley piece, and a third
pulley piece;

the first control element is at least partially wound around

the second pulley piece; and

the second control element is at least partially wound

around the third pulley piece.

#* #* #* #* #*



